ADDITION OF p-CHLOROETHYLSULFENYL CHLORIDE
TO DIMETHYLACRYLIC ACID DERIVATIVES
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It was established that insertion of the moiety of a nitrogen mustard molecule into an amino acid or
a peptide lowers its toxicity and increases the selectivity of its action on tumors. Analogous derivatives
of a sulfur mustard have received little study up to now [1]. The present investigation is devoted to the
addition of CISCH,CH,Cl to dimethylacrylic acid derivatives in order to obtain physiologically active com-
pounds,

p-Chloroethylsulfenyl chloride was added to dimethylacrylic acid derivatives in absolute chloroform
golution at —8°C,
HaC © HsC
AN N
C=CHCONHR -+ CISCH3CHC] — C—CH—CONHR

’ 1y
HsC (Ta—eg) C
1 SCH,CH.Cl
) (I1a—e)
R=CH(COOCH3)CH2CsHs (a); GH (CONH2)CHCeHs (b);
CH(COOH)CH:CeHs (c); p-CsHaCOOC:H; (d); p-CsHsCOOCH; (e)

For dimethylacrylic acid the adducts are thermodynamically stable, as was shown by our previous
studies on the addition of methylsulfenyl chloride [2].

The starting amides needed for the synthesis were synthesized by the conventional acylation of the
corresponding amino acid esters with the acid chloride of dimethylacrylic acid.
2RCH (NH,) COOR,

HBC\C CHCOC! SN

= - C=CHCONHCHR

HaC” f RCH (NH,) COOR: 11 o/ l ‘
(CaH N I COOR;

Ri=CHs

Good yields of (I) were obtained in this way by the reaction of the methyl esters of amino acids (2
moles), or of the amino acid ester hydrochlorides, in the presence of triethylamine (2 moles) with the acid
chloride of dimethylacrylic acid, When the order of addition was reversed, the reaction of the acid chloride
of dimethylacrylic acid with a mixture of anesthesine (benzocaine) and triethylamine gave a mixture of an-
estheside (1d) and the anestheside of B-methylvinylacetic acid (II) in a ratio of 30 and 70% respectively
(NMR spectroscopy).
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LG am

The saponification of (Ia) with alkali in methanol gave (Ic), while its reaction with aqueous ammonia
smoothly gave the amide (Ib).
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The corresponding sulfones (IVa-d) were synthesized by the oxidation of (Ila-d) with hydrogen pero-

xide,
SCHACHCl S03CHCH,CL
HsC\ ‘ HsC
, N
/C\——CH—CONHR HO0: C—CH-—CONHR
AN
HG™ €l HaC/ cl
(Ila —d) (IVa —d)

EXPERIMENTAL METHOD

Methyl Ester of N-Dimethylacryloyl-DL-phenylalanine (Ia). To 11.8 g of the acid chloride of dimeth-
ylacrylicacid in 150 ml of absolute ether was added in drops, with stirring, in 0.5 h, 35.8 g of the methyl
ester of phenylalanine in 50 ml of absolute ether. The reaction mixture was allowed to stand overnight,
The hydrochloride of the methyl ester of phenylalanine (V) was filtered, and the filtrate was evaporated in
vacuo. The residue was recrystallized; yield 98%.

To 8.6 g of the acid chloride of dimethylacrylic acid in 100 ml of absolute chloroform was added a
mixture of 16.5 g of (V) and 14.6 g of (CyH;)3N in 100 ml of absolute CHCl;, after which the mixture was
stirred for 2 h and allowed to stand overnight at ~20°, The solvent was evaporated in vacuo, the residue
was dissolved in absolute ether, the triethylamine hydrochloride was filtered, and the ether was evaporated.
We obtained (Ia) in 90% yield, mp 47-48° (from a mixture of ether and petroleum ether). Found: C 68.64;

H 7.27; N 5.30%. Cygl;,NO,. Calculated: C 68.94; H 7.33; N 5,36%.

Amide of N-Dimethylacryloyl-DL -phenylalanine (Ib). (Ia) (6.0 g) was stirred for 2 h with 50 ml of
conc, aqueous ammonia that had been additionally saturated with NH; at 0°. The precipitate of (Ib) was fil-
tered, dried, and recrystallized from CHCly; yield 80%; mp 165-166°. Found: C 67.97; H 7.45; N 11.30%.
CyHgN,05. Calculated: C 68.27; H 7.36; N 11.37%.

N-Dimethylacryloyl-DL-phenylalanine (Ic). A mixture of 3.5 g of (Ia) and 0.56 g of NaOH in 25 ml of
absolute methanol was allowed to stand overnight, The methanol was evaporated in vacuo, and the residue
was dissolved in water, extracted with ether from any possible impurities, and the aqueous layer was acidi-
fied with conc. HCI until acid. The precipitate of (Ic) was filtered and washed with water; yield 97%; mp
153-154° (from a 'mixture of ether and petroleum ether). Found: C 67.63; H 6.92; N 6.00%. Cy4HyNOs.
Calculated: C 67.99; H 6.93; N 5.66%.

Anestheside of Dimethylacrylic Acid (Id). To 5.9 g of the acid chloride of dimethylacrylic acid in
300 ml of absolute ether was added in drops, with stirring, in 1.5 h, 16.5 g of anesthesine in 300 ml of ab-
solute ether. The mixture was allowed to stand overnight. The anesthesine hydrochloride was filtered,
the filtrate was evaporated in vacuo, and the precipitate (Id) was recrystallized from CCly; yield 95%; mp
126.5-127°, Found: C 67.69; H 6.92; N 5,70%. Cy,NyyNO;, Calculated C 67.99;H 6.93; N 5,66%.

To 6 g of anesthesine and 5 ml of (C,;H;);N in 100 ml of absolute ether at —3° was added in drops, with
stirring, 5.9 g of the acid chloride of dimethylacrylic acid. The mixture was stirred for 1 h at room tem-
perature, The triethylamine hydrochloride was filtered, the filtrate was evaporated in vacuo, and the resi-
due was recrystallized from CClL,. We obtained a mixture of (Ie) and (III); yield 90%; mp 84-85° (from CCl,).
Found: C 67.22; H 6.94; N 5,73%. CyH{;NO;. Calculated: C 67,99;H 6.93; N 5.66%. NMR parameters: (Id),
4 (CHg),C 1,78 and 2,15, 6cH 1.78 ppm; (III), 5CH3 1.78, 5CH2=C 4.83, 5CH2(CO) 3.06 ppm. Treatment of
this mixture by the procedure given in [3] gave pure (Ie); yield 89%; mp 152-153° (from CCly). Found:

C 66.29; 1 6.42; N5.92%. C;3H;sNOg. Calculated: C 66.93; H 6.48; N 6.00%. :

General Method for the Addition of CISCH,CH,Cl to (Ta-e). To 0.02 mole of (la-e) in 30 ml of absolute
CHCl, was added in drops, with stirring, at—8°, 0.02 mole of g-chloroethylsulfenyl chloride in 10 ml of
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absolute CHCly. The reaction mixture was allowed to stand for 1 h at room temperature. The solvent was
evaporated in vacuo, and the residue was recrystallized, (lIa-e) were obtained; the yields, melting points,
and analysis data are given in Table 1.

General Method for the Preparation of Sulfones (IVa-c). To 0,005 mole of (Ila, ¢, d) in 7.5 ml of
glacial acetic acid and 1,5 ml of acetic anhydride was added in drops, with cooling in ice water, 2.5 ml of
30% hydrogen peroxide solution and the mixture was allowed to stand for 7 days at room temperature., The
solvent was evaporated in vacuo, and the residue was recrystallized. The yields, melting points and anal-~
ysis data are given in Table 2,

CONCLUSIONS

Compounds of the general formula E3S>C(CI)CH(SCHZCHzcl)CONHR were synthesized for biclogical
3

testing, from which the corresponding sulfones were obtained by oxidation with hydrogen peroxide,
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